blood, and the modifications needed to simplify it for routine purposes. SAMPLES Blood samples were spotted on Schleicher and Schull no. 2992 paper. Capillary blood was obtained by heel puncture from 2134 newborns of Ciudad Sanitaria La Paz, Madrid, between 36 and 72 hours after birth. Several 1 em diameter discs were soaked in blood, dried, and used within a week. The central part of the circles was used to punch out ! inch (6' 3 mm) diameter discs for the determination of TSH by RIA. The peripheral part was used to obtain 2 mm dots for the T4 RIA.
by binding proteins. Polyethylene glycol 6000 is used for the final separation of antibody bound labelled thyroxine, instead of the expensive and time-consuming wick chromatography used in the reference method. Serum thyroxine concentrations obtained using dried blood by the modified procedure correlate well with those obtained using serum by the reference method. The distribution of serum thyroxine concentration for a population of 2134 babies is given.
Worldwide experience from programmes for the neonatal detection of congenital hypothyroidism has recently been reviewed," 3 Though initially based on the determination of L-thyroxine (T4)4 14 many Material and methods programmes now use the determination of TSH in dried blood spots as a primary test, to avoid falsenegative results in the case of thyroid ectopies where T4 levels may be normal. 5 Even in the latter case, it is necessary to have a sensitive and specific radioimmunoassay for T4 on dried blood samples, as such data are necessary for confirmation of the diagnosis and follow-up of treatment. Moreover, spot T4 and TSH methods may be valuable in mass surveys of thyroid function in inhabitants of endemic goitre areas" where venepuncture and shipment of frozen serum samples to the laboratory may pose problems.
The use of a highly sensitive radioimmunoassay (RIA) minimises the possible effects of binding proteins by using only O·5 fl.1 serum samples and thus no longer requires the use of specific 'blockers'. We have observed that such a RIA is more discriminatory for hypothyroidism than routine methods, which use larger serum samples and 'blockers'. 7 The present report describes the validation of the REAGENTS RIA initially described by Weeke and 0rskov 8 for A specific antibody against T4 was raised in rabbits serum T4' to the determination of this hormone in in collaboration with Dr eVan Hardevelt (Univer-2 mm diameter paper dots containing dried sity Hospital, Leiden, The Netherlands) using L-T 4 29 ethyl ester conjugated to serum albumin (Henning Berlin GMBH).
High specific activity 125 1_T4 (2000 mCi/mg) was obtained, as described by Weeke and 0rskov,1 purification of the products of the iodination being carried out as described by Kjeld et a[.9 The 125I_T 4 (T 4 · ) was stable for 8-10 weeks at 4°C. The assay sensitivity was 5pg/tube (6'4 fmol/tube). STANDARD CURVES T4 standards were prepared freshly from a stock solution of L-T 4 (acid form, Sigma Chemicals Co, St. Louis, Missouri). They were prepared weekly in 0·05 N NaOH and stored at 4°C. The T 4 standards were prepared freshly in PB-BSA (phosphate buffer, O·04 M, pH 8, containing O·6 mrnol/l merthiolate and 0'05% bovine serum albumin), purchased from Ortho Diagnostics Inc, New Jersey, and comprised 5-160 pg (6·4-205 fmol) added to 50 ILL A 2 mm dot prepared with BIF-T4 was added to each glass tube containing T4 standards or blanks. Each standard was set up in triplicate. For unknowns, a dot was added in triplicate to 50 ILl PB-BSA, one of the tubes being used as a blank.
For standard curves in serum, 0'5, 1 or 2 fLl of SFT 4 were added to 25 ILl PB-BSA, and the T4 standards were added to 25 ILL For the unknowns, O'5,1 or 2 ILl of serum was diluted to 50 III in PB-BSA.
ASSA Y PROCED URE 100 III of anti-T, serum at a 1:20 000 dilution and 100 ILl of T 4 • (6000 cpm) in PB-BSA containing O'8 mmol/I cysteine was added to the glass tubes containing the unknown sera or paper dots in 50 ILl PB-BSA, or the corresponding series of T4 standards. Incubation was carried out at room temperature for 18-24 hours. The free (F) and bound (B) T4· were then separated, as indicated below, the radioactivity was counted and expressed as a percentage of the total (T) added T 4 • • B/T X 100 indicates 'specifically' bound T4·' For the separation of F and B T4· the method used as reference procedure was wick chromatography'' using Whatman ET 81 paper. As the procedure is time-and spaceconsuming and too expensive for mass screening programmes, we have used the selective precipitation of gammaglobulins with poly-ethyleneglycol 6000 (PEG). 1 mI of a PEG solution (300 g/I) and 0·5 ml of PB containing 75 fLl of calf serum were mixed, added to each tube, and shaken on a Vortex mixer for 20 seconds. After centrifugation, the supernatant is sucked off, and the precipitate is counted.
CALC ULA rroxs
Means and SEM, paired t test, and analysis of variance were calculated as outlined by Snedecor.P
Results

AMOUNTS OF BLOOD AND SERUM IN DRIED BLOOD DOTS
The quantity of blood and plasma contained in dots of different sizes were determined by the addition of tracer amounts of T4· or 131 1 labelled human serum albumin to blood from normal donors. Increasing known volumes of blood or plasma were spotted on paper and counted. The amount of blood and plasma in 2 mm and 4 mm dots was calculated from their radioactivity. The values found were 0'94 ± 0·07 !J.l of blood and 0'56 ± 0·04 !J.l of plasma for 2mm discs (n = 24) and 3·6 ± 0·18!J.l blood and 2·18 ± 0·11 !J.l plasma for 4 mm discs (n = 12), these values being used for conversion of blood to serum T4 concentrations. The radioactivity found in the blood cell fraction after centrifugation was 2 % using 131 1 BSA and 4% with T 4 • • The distribution of the radioactivity throughout the circles filled with.blood was not homogeneous, being 10% higher in the periphery as compared to the central portion. As the latter is used to punch out 6· 3 mm diameter dots for the TSH RIA, we have always used peripheral dots for the determination of T4' Elution of T4· from the blood dried on paper was 75 ± 10% in 30 minutes, and almost complete by 2 hours, both using 2 mm (98 % ± 7· 4 %) and 4 mm dots (99,3 ± 10'9%). However, storage for several months, even at 4°C, resulted in poorer elution.
MODIFICATION OF SERUM T 4 RIA FOR DRIED BLOOD SPOTS
As shown in Fig. 1 (left) addition of one 2 rom diameter paper dot to the standards prepared in SFf4 did not influence the standard curve. As shown in Fig. 1 (right) the amount of serum used (0'5, 1·0 or 2 !J.I) or the addition of one or two dots (2 rom) or one 4 mm dot did not affect the standard curves, which were practically superimposable. The specifically bound T 4 • is plotted against the corresponding serum T 4 concentration, and the curves, whether obtained using SFf4 or BIFf4' are displaced to the left at a distance corresponding to the amounts of serum contained in the sample, confirming that these different amounts of sample did not influence the RIA. The use of O·5 fLI of serum, or one 2 mm dried blood dot, is adequate for the detection of the normal range of serum T 4levels (6--12 fLg/dl; 77-154 nmol/l).
Having thus assessed the adequacy of the method for dried blood spots, it appeared necessary to decrease the labour and cost involved in wick chromatography. Figure 2 shows the standard curves obtained with different amounts of PEG. Calf serum was used, as the use of purified gammaglobulins (Sigma) leads to a decrease in the specific binding of T4• to the antiserum. The final concentration of PEG in the PEG + calf serum mixture appears more important than the amount of PEG added to each tube. Conditions shown for curve 3 have been used for further studies. Thorough mixing on a Vortex for at least 20 seconds per tube has been found essential for reproducible results. Figure 3 compares the standard curves obtained with SFf 4 and BlF-T 4 (2 mm dots) using PEG instead of wick chromatography. The minor differences may be related to the higher non-specific binding ofT 4 • using PEG (10% of total T 4 • added) as compared to wick chromatography (7 %).
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1·75 120 The indifference to different amounts of dried blood was confirmed by using one or two 2 mm dots of several newborn babies; identical results were found. Figure 4 shows the good correlation obtained between the serum T4 values of normal donors obtained using 2 mm dried blood dots and those determined using Q. 5 ILl serum samples; in both cases PEG was used for the separation of bound T4·'
Plasma and blood samples from five normal donors were used as internal controls for a month, in T 4 RIAs using O·5 fl.l serumsamples and wick chromatography, and in RIAs using dried blood dots and PEG. Results from nine parallel runs were similar: mean values by both methods were comparable, and no significant differences were disclosed by Student's t test. Analysis of variance confirmed this conclusion: the ratio between the variance arising from the use of two different methods and the 'error' variance was not statistically significant. 0'52 fJ-g/dl (6·7 nmol/I). Using dried blood dots from normal donors and PEG, the between-assay coefficients of variation over the first six months were 10-20~;.;. More recently, they have fallen to 6-12 %. Degradation of T, in the dried blood samples stored at 4°C was not observed, but elution became more difficult after four to six months. Figure 5 shows the results of T4 determinations using dried blood spots and PEG in 2134 newborns. A serum T4 value below 6 fJ-g/dl (77 nmol/l) was found in 70 samples (3,2%) . After repeated determination in the same sample, or in samples obtained at recall of the babies, this proportion fell to O' 8 %. None of these neonates had a TSH >10 fJ-U/ml serum and none was considered hypothyroid. Serum T 41evels above 15 fJ-g/dl (193 nmol/I) were found in 8· 3 % of the babies, and this was attributed to the postnatal surge in serum T4. 11 12
Discussion
The present results show that the highly sensitive RIA developed for serum T4 by Weeke and f2Jrskov 8 may be modified for the determination of T4 in small samples of blood dried on filter paper (2 mm diameter dots) obtained for mass screening of thyroid function. Using PEG instead of wick chromatography for the separation of antibody bound T 4*, the time and labour involved are markedly decreased. The reagent expenses are also substantially reduced, as the costly anion exchange paper and special plastic tubes required for wick chromatography are no longer needed. As shown, the modified method is equally sensitive, and no difference could be seen between results of serum concentration obtained with wick chromatography and those obtained with dried blood dots and PEG.
The present method, which requires only 2 mm diameter dried blood spots (containing O' 56 fJ-I serum), has the advantage over other methods currently in use that binding proteins do not interfere. The total amount of blood required for duplicate determination with an individual blank is very small ( <3 fJ-1), so the three dots required may be punched out easily after obtaining the sample for TSH. In cases of inadequately soaked circles, where TSH determination is not possible, enough blood for T 4 can still be obtained.
We are currently screening babies for congenital hypothyroidism using TSH as the primary test.l 3 The present method for T 4 is used in all cases with elevated TSH, in cases of inadequately soaked samples, and for the follow-up of treated babies. Moreover, it is also used for surveys of thyroid function in endemic goitre areas," It is easier in such areas to have permission for a few blood drops by fingerprick than it is to withdraw blood by venepuncture. Moreover, delivery of the samples by mail avoids the logistic problems involved in centrifugation, freezing of serum, and shipment of frozen samples from primitive or isolated communities. Such a method might well be employed for programmes for detection of hypothyroidism in schoolchildren and adults of other communities as well.
